INTRODUCTION
Since its inception, the National Center for Toxicological Research (NCTR) has requested routine assignment of cause of death for all dead and moribund animals examined histologically in carcinogenicity studies. A determination as to whether a particular tumor under consideration was fatal to an animal or was simply an incidental finding at necropsy is important for determining the type of information that an animal contributes to age-adjusted statistical tests for carcinogenic effects (12) .
Biostatisticians and toxicologic pathologists have discussed the advisability and feasibility of assessing cause of death on a case-by-case basis in animal studies (4, 5, 8, 10, 11, 15, 16) . At the EDo, Workshop it was concluded that when data on time-toonset of tumors are not available, a pathologist's assessment as to whether or not an animal died from a tumor, together with an expression of the degree of uncertainty, is useful in statistical analyses of carcinogenicity studies (5) . However, the Interdisciplinary Discussion Group on Carcinogenicity Studies indicated that pathologists felt that designating tumors as either fatal or incidental was a difficult judgement that could achieve only partial accuracy (16) . Statistical methods have been developed to aid in the interpretation of experiments for which causeof-death data are either lacking or perhaps unreliable ( 1, 7) .
A number of rodent studies in which cause of death has been determined on a case-by-case basis can be cited (e.g., 3, 4, 9, 13, 14) . However, as was recently observed by Ettlin et al. (3) , there is still considerable controversy among toxicologic pathologists as to whether or not the cause of death of an individual animal in toxicity and carcinogenicity studies can be established with accuracy. Although not all examining pathologists at the NCTR necessarily agree that cause of death can be assigned reliably, they are willing to provide their best assessment of cause of death in the interest of enhancing the statistical analyses of tumor data.
Cause-of-death assignment in the histopathology system at the NCTR was at first very rigid, with no provision for a graded assessment or for equivocation. It has evolved over the years into a more flexible system, which includes 4 grades of certainty (6) . The purpose of this paper is to report NCTR's experience with its current cause-of-death assignment system and to evaluate its usefulness for selected representative studies. Issues of interest include the proportions of animals assigned the various grades of certainty of cause of death, potential dose-, sex-, and age-related differences in assigned grades of certainty of cause of death, and frequencies 
METHODS
The studies selected for this analysis were 104wk chronic feeding studies of antihistamines in Fischer 344 rats and B6C3F, mice conducted at the NCTR under the National Toxicology Program (NTP). The test chemicals studied were doxylamine (rats: experiment 406; mice: experiment 407), pyrilamine (rats: experiment 408; mice: experiment 409), and triprolidine (rats: experiment 414; mice: experiment 415). Details of the conduct of these studies are provided in NCTR technical reports for the given experiments. The primary interest here is in the assignment of cause of death to the dead and moribund animals from these studies. Table I presents for each experiment the basic design that gave rise to the dead and moribund animals that were examined. The total number of animals listed reflects the initial number assigned to each experiment, including those killed at both interim and terminal sacrifices. As shown in Table I , there was a much higher proportion of dead/moribund animals in the rat studies than in the mouse studies.
For each experiment, all histologic examinations of dead and moribund animals were conducted by a single pathologist. There were three pathologists in all-one assigned to experiment 406; a second one assigned to experiments 407, 414, and 415; and a third one assigned to experiments 408 and 409.
The NCTR's current system for grading the certainty of cause of death (cause of morbidity, in the case of moribund animals) is as follows. If a particular neoplasm (or other pathological condition) can be identified by the examining pathologist as the most likely reason for the animal's death or removal, then it is reported as the probable cause of death. At most 1 probable cause of death may be assigned. If a probable cause of death is not identified, then a neoplasm (or other lesion) that is believed to have contributed to an animal's death, but is not thought to be the singular cause, may be reported by the pathologist as a contributory cause. More than 1 contributory cause of death may be assigned to an animal. Lesions that are thought to have had a possible influence on an animal's death or removal may be listed as equivocal. If no neoplasm or other condition is reported as a probable, contributory, or equivocal cause of death for an animal, then that animal is reported as having died from an unknown cause.
Although previous automated data collection systems for histopathology at the NCTR supported the routine recording of cause of death, the computerized system presently in use does not support this effort. Consequently, cause of death is recorded by the pathologist in prose in the &dquo;animal notes&dquo; section of the histopathology report. For the usual statistical analysis of tumor data, this information is merged with other histology data in individual animal records prior to analysis. Data preparation for the present analysis began with pathology animal notes reports that were generated for each experiment by a pathology data entry clerk. The clerk highlighted on the printed notes the histologic causes of death of all dead/moribund an- 
RESULTS
For each experiment, Table II gives a frequency distribution of animals according to the grade of certainty of the histologic cause(s) of death. In each of the experiments, a high proportion of causes of death was designated as probable. In all cases for which a probable cause was given, no contributory causes were listed. For the relatively small proportions of animals for which contributory causes were diagnosed, there were always at least 2 such causes given. In only 2 of those cases did an animal have 3 contributory causes assigned. The only animal for which a tumor was reported to be an equivocal cause of death had no other causes listed. In general, this indicates a tendency to assign a single cause of death per animal.
The proportion of unknown histologic causes of death was relatively low in all 6 experiments (Table  II) , but was highest in 3 experiments that were assigned to the same pathologist (pathologist 2; experiments 407, 414, 415). Whereas the proportion of unknown causes of death was lowest for pathologist 1 (experiment 406), the proportion of contributory causes of death was highest for that pathologist. Where a species comparison can be made (for pathologists 2 and 3, Table II ), there does not appear to be a difference between species regarding a pathologist's propensity to provide a specific diagnosis for histologic cause of death. In only 1 case was the histologic cause of death listed as equivocal. In these experiments, the examining pathologists did not show a need for this category of grading. Table III provides dose-specific frequency distributions for grade of certainty of histologic cause of death for each experiment. There is little indication that assignment of cause-of-death grade was related to dose of test agent, although for the mice there appears to be a slight tendency for lower proportions of unknown causes of death in the median and high dose groups compared to the control and low dose groups, while for the rats the opposite is true. Table IV provides similar information on grade for each sex. For these experiments, the grade of certainty of cause of death appears not to have been strongly related to the sex of the animals, although there was slightly greater certainty among male rats than female rats and among female mice than male mice. (2) . These data give no consistent indication that grade of certainty of cause of death was related to an animal's time on study.
A frequency distribution for both organ-specific and systemic diagnoses that occurred at least twice in the combined 3 rat experiments appears in Table  VI . The category of highest frequency in all 3 experiments was mononuclear cell leukemia, a systemic disease involving multiple organs. Approximately 45% of all deaths in the rat experiments were attributed to that disease, with little variation among experiments. Among organ-specific lesions, pituitary gland adenoma was consistently listed with highest frequency. Table VII gives a similar frequency distribution for the 3 mouse experiments. No particular organ-specific diagnosis occurred consistently with high frequency in the mouse experiments, although hepatocellular carcinoma of the liver occurred often in experiment 415. Categories of highest frequency included various types of lymphoma, again a systemic disease involving multiple organs. From 30% to 50% of all deaths in the mouse experiments were ascribed to lymphomas.
DISCUSSION
In general, these experiments show that NCTR's pathologists were willing to assign a single histologic cause of death per animal. In a high proportion of cases, a probable cause of death was identified. In only 1 case was the histologic cause of death listed as equivocal. Clearly, in these experiments, the examining pathologists did not see a need to have a category between contributory and unknown for as- With respect to the issue of whether or not &dquo;old age&dquo; lesions complicate the interpretation of tu-morigenicity assays, in these studies the degree of certainty in assigning cause of death did not appear to be associated in any consistent way with an animal's age. In addition, there was little indication that the assignment of cause-of-death grade was related to either the dose level of the test agent or the TABLE VIL-Three mouse experiments: frequency distribution for organ-specific and systemic histologic diagnoses occurring at least twice as probable causes of death. sex of the animal. It is possible that different results would be obtained for strongly carcinogenic test chemicals.
The fact that the frequency of unknown histologic causes of death was fairly high in some experiments is not necessarily a problem with respect to statistical tests for carcinogenicity. The important point is whether a particular tumor was the cause of death of an animal. It seems reasonable to assume that any tumor in an animal for which the cause of death is unknown is itself not the cause of death. With respect to contributory and equivocal causes, the issue is not so clear-cut. In the statistical analysis of a particular type of tumor, some analysts might include in the fatal category tumors listed as contributory or equivocal causes of death, while others might treat such tumors as incidental findings. It is not possible to determine with the present data whether the experiments with higher proportions of unknown or contributory histologic causes of death are more or less accurate than those with lower pro-
portions.
There is no way to assess the degree of accuracy of the presently reported histologic cause-of-death data, with the available information. However, the propensity for pathologists in these NCTR experiments to assign singular conditions as probable causes of death does support the notion that they could identify with a reasonable degree of confidence a lesion most likely to be responsible for an animal's leaving the experiment. It also supports the feeling expressed by Ettlin et al (3) that agreement among pathologists from different laboratories might be reached on criteria to classify age-related lesions as fatal or incidental. For statistical analyses of tumor data, having cause-of-death data on a case-bycase basis is preferable to a statistician's making a blanket assumption that all tumors of a given type are either fatal or nonfatal. Even when such a blanket assumption by a statistician is justifiable, it can only be made based on the case-by-case experience of toxicologic pathologists.
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